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T h i s  r e p o r t  reviews t h e  progress  made on t h e  development o f  a 
r e g e n e r a t i v e  hydrogen-oxygen f u e l  c e l l  under NASA Contrac t  3-2781 
dur ing  t h e  per iod  of i GcioLeL 1955 through 31  Eecernkr l955. The  
program o b j e c t i v e  is  t h e  development of a n  e l e c t r o l y t i c a l l y  regenera-  
t i v e ,  hydrogen-oxygen f u e l  c e l l  t h a t  w i l l  be s u p e r i o r  i n  performance 
t o  c u r r e n t l y  a v a i l a b l e  rechargeable  b a t t e r i e s .  The device  under de- 
velopment c o n s i s t s  of a c e l l  s t ack  t h a t  i s  u t i l i z e d  a s  an e l e c t r o l y z e r  
dur ing  charge pe r iods  and a s  a f u e l  c e l l  dur ing  d i scha rge  pe r iods .  
I n t e g r a l  gas  s t o r a g e  t anks  a r e  u s e d  t o  c o n t a i n  hydrogen and oxygen 
gas  t h a t  i s  genera ted  dur ing  charge.  Such a device  o f f e r s  advantages 
i n  t h e  a r e a  of watt-hours-per-pound, high ambient temperature  opera-  
t i o n ,  and g r e a t e r  c y c l e  l i f e  than t h a t  which can be ob ta ined  from 
e x i s t i n g  secondary b a t t e r i e s .  Phase I c o n s i s t e d  of a des ign  develop- 
ment and t e s t i n g  of a nominal 75-watt ,  44-watt-hour,  6 - c e l l  u n i t  t o  
demonstrate  t h e  f e a s i b i l i t y  of a m u l t i c e l l  r e g e n e r a t i v e  device .  Th i s  
phase has been completed,  Phase I1 (as modif ied)  c o n s i s t s  of  t h e  i n -  
v e s t i g a t i o n  of t h e  a sbes tos  ma t r ix ,  e l e c t r o d e  combinations t o  improve 
cyc le  l i f e ,  and t h e  des ign  and development o f  a 500-watt ,  600-watt-  
hour ,  3 4 - c e l l  u n i t  of minimum weight f o r  e v a l u a t i o n  a s  a f l i g h t  
p ro to type .  
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During t h i s  p e r i o d ,  primary emphasis was p l aced  on t h e  t e s t i n g  of 
s i n g l e  c e l l s  wi th  v a r i o u s  e l e c t r o d e  s t r u c t u r e s  i n  o r d e r  t o  improve 
c y c l e - l i f e  c a p a b i l i t i e s  and t o  o b t a i n  a b e t t e r  unde r s t and ing  of t h e  
mode of d e t e r i o r a t i o n  of c e l l  performance. A new type of f u e l  c e l l  
e l e c t r o d e  was developed, c o n s i s t i n g  of a p o r o u s - s i n t e r e d ,  ca rbony l -  
n i c k e l  plaque t h a t  i s  gold  coa ted  p r i o r  t o  p l a t i n i z a t i o n .  It shows 
promise of improving c y c l e - l i f e  c a p a b i l i t i e s  From t h e  r e s u l t s  of 
s i n g l e - c e l l  t e s t s ,  i t  has become apparent  t h a t  a mode of d e t e r i o r a t i n g  
performance caused by i m p u r i t i e s  o r  contaminants  i n  t h e  e l e c t r o l y t e  
and /o r  a sbes tos  e x i s t s .  Chemical a n a l y s i s  of a s b e s t o s  and a n a l y s i s  
of causes  of d i s c o l o r a t i o n  have been i n i t i a t e d .  A new, ins t rumented  
t e s t  s e t u p  has been p a r t i a l l y  completed t h a t  w i l l  be capab le  of t e s t -  
i ng  two 6 - c e l l  u n i t s  and 5 s i n g l e - c e l l  u n i t s  s imul t aneous ly .  Inc luded  
i n  t h e  instrument package i s  a d i g i t a l  r eco rd ing  system, a cont inuous  
( t ime-vol tage)  d a t a  system and a cont inuous  manual readout  system. 
W U A z ’ J  









3 .  TECHNICAL DISCUSSION 
3.1 SinPle-Cel l  T e s t s  
Twenty-five s i n g l e - c e l l  t s t s  were conducted d u r i n g  t h i s  
pericd ts evzlnatc  t h e  p e r f o r i i n c e  of v a i i o u s  e l e c t r o d e  s t r u c t u r e s .  
T e s t  r e s u l t s  and c o n s t r u c t i o n  v a r i a b l e s  of  t h e s e  ce l l s  are summarized 
i n  Table  I. C e l l  No. 98 cons i s t ed  o f  t h e  same e l e c t r o d e s  u t i l i z e d  i n  
c e l l s  92 and 97,  t h e  r e s u l t s  of which were r epor t ed  i n  t h e  f i f t h  quar -  
t e r l y  r e p o r t .  
e l e c t r o d e  employing 9 mg of plat inum p e r  cm2 w i t h  t h e  n i c k e l  subscreen  
gold  p l a t e d .  The e l e c t r o d e s  were washed a f t e r  use  i n  prev ious  tes ts ,  
and a new a s b e s t o s  mat was employed. The c e l l  was cyc led  30 t i m e s  on 
a s t anda rd  t e s t - c y c l e  charge of 65 minutes  a t  9 t o  10 A and 35 minutes  
of  d i scha rge  a t  15 t o  18 A .  During d i scha rge ,  t h e  v o l t a g e  dropped 
a f t e r  approximately 20 minutes of d i s c h a r g e ,  i n d i c a t i n g  a f l o o d i n g  of 
t h e  e l e c t r o d e .  Th i s  Performance w a s  c o n s i s t e n t  throughout  t h e  f i r s t  
30 c y c l e s .  T h e r e a f t e r ,  t he  c u r r e n t s  w e r e  reduced t o  5 A on charge,  and 
7.5 t o  8 A dur ing  d i scha rge  t o  avoid  t h e  f a l l - o f f  i n  performance p r e -  
v i o u s l y  observed.  
95 c y c l e s  f o r  a t o t a l  of 125 cyc les .  
t h e  v o l t a g e  du r ing  d i scha rge  reduced s l i g h t l y .  
c o n c e n t r a t i o n  of t h e  a s b e s t o s  mat w a s  analyzed t o  be 33.4 p e r c e n t .  
F igu re  1 shows t h e  v o l t a g e  performance of t h e  c e l l  a t  v a r i o u s  c y c l e s .  
The oxygen e l e c t r o d e  w a s  an American Cyanamid-type 
The c e l l  was cyc led  cont inuous ly  f o r  an a d d i t i o n a l  
During t h e  reduced c u r r e n t  cyc l ing ,  
The f i n a l  e l e c t r o l y t e  
C e l l  No. 99 cons i s t ed  of  oxygen and hydrogen e l e c t r o d e s  of 
t h e  EOS type  f a b r i c a t e d  of p l a t i n i z e d  porous n i c k e l  p laques .  The c e l l  
was assembled and pu t  on a s t anda rd  t es t  cyc le  of 65 minutes  charge ,  
35 minutes  d i scha rge  a s  a c o n t r o l .  It was cyc led  con t inuous ly  f o r  
100 t i m e s  du r ing  which t h e  d ischarge  performance showed a ve ry  s l i g h t  
deg rada t ion .  The m a t  from t h i s  c e l l  w a s  removed and saved f o r  t h e  
purpose of de te rmining  e f f e c t s  i n  t h e  a s b e s t o s .  The performance d a t a  
a r e  shown on F i g .  2. 
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2 
(gold-plated n i c k e l  s c reen )  e l e c t r o d e s  back t o  back on t h e  oxygen s i d e  
and a s tandard EOS p l a t i n i z e d  n i c k e l  plaque on t h e  hydrogen s i d e .  
Purpose of  t h e  t es t  was t o  determine i f  t h e  back-to-back oxygen e l e c -  
t r o d e s  would reduce t h e  s e n s i t i v i t y  t o  water c o n t e n t ,  i . e . ,  f l o o d i n g  
o u t  and drying observed w i t h  American Cyanamid e l e c t r o d e s  when used 
i n  t h e  r e g e n e r a t i v e  f u e l  c e l l .  The c e l l  w a s  cyc led  con t inuous ly  f o r  
60 t i m e s  on t h e  s t anda rd  c y c l e .  A t y p i c a l  c y c l e  i s  shown i n  Fig.  3 .  
A s  can be  seen, even w i t h  t h e  back-to-back oxygen e l e c t r o d e s ,  t h e  c e l l  
e x h i b i t e d  a g radua l  r i s e  i n  v o l t a g e  a t  t h e  end of charge ( i n d i c a t i n g  
d r y i n g  o u t ,  a d i p  i n  t h e  v o l t a g e  i n i t i a l l y  d u r i n g  d i s c h a r g e ,  and r a p i d  
f a l l - o f f  i n  v o l t a g e  toward t h e  end of d i s c h a r g e  ( i n d i c a t i n g  f l o o d i n g ) .  
However, during t h e  middle of d i s c h a r g e ,  t h e  performance of t h e s e  
e l e c t r o d e s  w a s  e x c e l l e n t .  
C e l l  No. 100 c o n s i s t e d  of two Cyanamid 9 mg p la t inum p e r  cm 
C e l l  No. 101 w a s  a r e p e a t  o f  t h e  p rev ious  c e l l  No. 100 u t i -  
l i z i n g  t h e  same e l e c t r o d e s  a f t e r  they had been washed and employing a 
new asbes tos  mat. The performance of t h e  c e l l  was v i r t u a l l y  i d e n t i c a l  
t o  t h e  previous c e l l ,  and t h e  t e s t  was stopped a f t e r  15 c y c l e s .  
C e l l  No. 102 c o n s i s t e d  of a s t a n d a r d  porous n i c k e l  plaque 
2 
20 mg platinum p e r  cm hydrogen e l e c t r o d e  and a new type of oxygen 
e l e c t r o d e .  T h i s  oxygen e l e c t r o d e  w a s  f a b r i c a t e d  a t  EOS by gold 
p l a t i n g  and then p l a t i n i z i n g  a s t a n d a r d  porous n i c k e l  plaque.  
The procedure used i n  p repa r ing  t h e s e  new e l e c t r o d e s  i s  
s i m i l a r  t o  t h a t  used i n  f a b r i c a t i n g  ou r  s t a n d a r d  t y p e .  The s t e p s  a r e  
as fo l lows :  
1. Plaques are washed and degreased.  
2 .  A ho t  (190-200°F) e l e c t r o l e s s  gold p l a t i n g  s o l u t i o n  i s  con- 
t i nuous ly  r ecyc led  through t h e  p l aque .  The p l a t i n g  s o l u t i o n  
is a commercial mater ia l  des igna ted  Aurolectroless-N,  manu- 
f a c t u r e d  by Lee Ronal, I n c .  It c o n t a i n s  1 t r o y  ounce of 
gold p e r  g a l l o n .  400 cc  of  t h i s  s o l u t i o n  i s  used p e r  6-inch- 
diameter  e l e c t r o d e  and c o n t a i n s  3 . 3  grams of go ld .  
4110-QL-6 1 0  
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3 .  After removal from the  e l e c t r o l e s s  b a t h ,  t h e  e l e c t r o d e s  are 
washed and then  immersed i n  a gold cyanide e l e c t r o p l a t i n g  
b a t h .  An e l e c t r o p l a t i n g  of an  a d d i t i o n a l  3.7 grams of gold 
is then put on t h e  e l e c t r o d e s .  
4 .  A f t e r  removal from t h e  gold e l e c t r o p l a t i n g  b a t h ,  t h e  e l e c -  
t r o d e s  a r e  washed and immersed i n  a c h l o r o p l a t i n i c  a c i d  
p l a t i n g  b a t h .  Plat inum i s  p l a t e d  on t h e  e l e c t r o d e  t o  an  
equ iva len t  of  7 .5  mg/cm . 2 
C e l l  No. 102 was cycled 5 t i m e s  and t h e n  developed an  i n t e r -  
n a l  s h o r t .  It w a s  disassembled and examined. The s h o r t  was found on 
t h e  edge of t h e  e l e c t r o d e s  and was due most probably t o  poor assembly. 
The e l e c t r o d e s  were washed, assembled w i t h  a new a s b e s t o s  m a t ,  and 
des igna ted  c e l l  No. 103. The performance of t h i s  c e l l  a t  v a r i o u s  
c y c l e s  i s  presented i n  F ig .  4 .  A s  can be seen ,  d u r i n g  t h e  f i r s t  150 
c y c l e s ,  only s l i g h t  deg rada t ion  was encoun te red ;  however, beyond t h a t  
p o i n t  a rapid ra te  of deg rada t ion  w a s  observed.  Examination of t h e  
disassembled c e l l  r evea led  no obvious cause f o r  t h e  deg rada t ion .  T h i s  
c e l l  r ep resen ted  our  i n i t i a l  a t t empt  a t  f a b r i c a t i n g  such e l e c t r o d e s .  
It demonstrated t h a t  t h i s  approach i s  promising and w a r r a n t s  f u r t h e r  
s tudy  and p e r f e c t i o n .  
e l e c t r o d e s  having 9 mg plat inum p e r  cm2 on g o l d - p l a t e d  n i c k e l  s c r e e n s .  
T h i s  t e s t  was s e t  up t o  determine e f f e c t s  t h a t  occur  i n  t h e  a s b e s t o s  
wi thou t  "free" n i c k e l  being p r e s e n t  i n  t h e  e l e c t r o d e s .  The c e l l  w a s  
cycled 100 t i m e s ,  du r ing  which a gradua l  d e g r a d a t i o n  i n  performance 
was observed, The e l e c t r o d e s  were t h e n  removed from t h e  c e l l ,  washed, 
and replaced i n  the c e l l  u t i l i z i n g  t h e  same a s b e s t o s  m a t .  Th i s  c e l l  
w a s  designated No. 106. The performances d u r i n g  v a r i o u s  c y c l e s  of 
c e l l s  No. 104 and 106 are p resen ted  i n  F i g .  5.  A s  can be seen ,  washing 
t h e  e l e c t r o d e s  and r e b u i l d i n g  t h e  c e l l  improved performance somewhat. 
The improvement i n  performance by r e b u i l d i n g  of t h e  c e l l  i s  inconclu-  
s i v e .  It does, however, i n d i c a t e  t h e  p o s s i b i l i t y  of a w a t e r  s o l u b l e  
Ce l l  No. 104 was i n s t a l l e d  w i t h  American Cyanamid H and O2 2 
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c a t a l y s t  poison,  which accumulated on t h e  e l e c t r o d e s  wi th  c y c l i n g ,  as 
t h e  cause of g radua l  performance degrada t ion .  C e l l  N o .  106 a l s o  
degraded g r a d u a l l y  as shown i n  F ig .  5. 
C e l l  N o .  105 cons i s t ed  of  an  oxygen e l e c t r o d e  s i m i l a r  t o  
t h e  type  used i n  c e l l  103 w i t h  t h e  excep t ion  t h a t  t h e  e l e c t r o d e  sub- 
s t r a t e  w a s  n i c k e l  f e l t  me ta l  a s  opposed t o  t h e  s i n t e r e d  porous n i c k e l  
plaque. T h i s  c e l l  w a s  cyc led  46 t i m e s  and showed r e l a t i v e l y  poor per -  
formance, d i s c h a r g i n g  a t  approximately 0.7 of a v o l t  p e r  c e l l  and 
charg ing  i n  a range of 1.65 t o  1.9 v o l t s .  
C e l l  N o .  107 cons i s t ed  of a n  oxygen e l e c t r o d e  processed  
s i m i l a r l y  t o  t h e  e l e c t r o d e  used i n  c e l l  No. 103, i .e . ,  a go ld -p la t ed ,  
p l a t i n i z e d  porous n i c k e l  plaque. Th i s  c e l l  w a s  cyc led  42 times a f t e r  
which an i n t e r n a l  r e a c t i o n  occurred  w i t h i n  t h e  c e l l  caus ing  a d r a s t i c  
drop  i n  performance. 
E l e c t r o d e s  were removed from c e l l  107 and w e r e  washed, 
reassembled w i t h  a new a s b e s t o s  m a t ,  and des igna ted  c e l l  No .  108. 
T h i s  c e l l  was cyc led  s ix  t i m e s ,  a t  which t i m e  an  i n t e r n a l  s h o r t  deve l -  
oped w i t h i n  t h e  c e l l .  The performance d a t a  of ce l l s  N o .  107 and 108 
are shown on Fig.  6.  A s  can be seen ,  performance recovered a f t e r  t h e  
reassembly.  R e s u l t s  of t h e  r e b u i l d i n g  of c e l l  No. 107 and t h e  r e b u i l d -  
i n g  of c e l l  No. 103, desc r ibed  p rev ious ly ,  s e e m  t o  i n d i c a t e  t h a t  an  
a d d i t i o n a l  d e t e r i o r a t i n g  f a c t o r  w i t h i n  t h e  ce l l s  e x i s t s  bes ides  the 
g radua l  o x i d a t i o n  of t h e  porous n i c k e l  p laques  as p rev ious ly  d e t e r -  
mined. This  d e t e r i o r a t i o n  may be an  impur i ty  t h a t  comes from t h e  
e l e c t r o l y t e  and/or  t h e  a sbes tos  m a t .  
C e l l s  No. 109 and 111 c o n s i s t e d  of porous s i n t e r e d  n i c k e l  
p laques  t h a t  were gold  coa ted  a t  EOS and p l a t i n i z e d  by t h e  Bishop 
Company, u t i l i z i n g  a p r o p r i e t a r y  p l a t i n i z i n g  p rocess  C e l l  No. 109 
was cyc led  44 t i m e s  and showed f a i r  performance, d i s c h a r g i n g  a t  0.8 
t o  0.85 v o l t s  pe r  c e l l  and charging a t  1 .5  t o  1.6 v o l t s .  A gradua l  
i n c r e a s e  i n  t h e  charg ing  vol tage  and dec rease  i n  t h e  d i scha rge  v o l t a g e  
w a s  observed through t h e  cyc l ing .  T e s t i n g  was s topped a f t e r  44 c y c l e s .  
4 110 -QL-6 15 
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C e l l  No. 111 w a s  not sub jec t ed  t o  t e s t s  due t o  f a i l u r e  of the  d i f f e r -  
e n t i a l  p r e s s u r e  t r ansduce r  during t h e  i n i t i a l  s e t u p .  
C e l l  N o .  110 cons i s t ed  of a f e l t  meta l  n i c k e l  plaque t h a t  
was gold coa ted  a t  EOS and p l a t i n i z e d  by t h e  Bishop Company. T h i s  
c e l l  w a s  cyc led  50 t imes and then t h e  tes t  w a s  d i s c o n t i n u e d .  Per -  
formance of t h e  c e l l  was poor.  A t  end of d i s c h a r g e ,  t h e r e  w a s  a r a p i d  
fall-off i n  vDltrrge, and, a t  erld of chargei there was a s u b s t a n t i a l  
r i s e  i n  v o l t a g e ,  
Poor performance obta ined  from ce l l s  No. 105 and 110, employ- 
ing  n i c k e l  f e l t  m e t a l  s u b s t r u c t u r e s ,  w a s  d i s a p p o i n t i n g  and v e r y  d i f f e r -  
e n t  from r e s u l t s  ob ta ined  w i t h  p r i o r  c e l l s  u t i l i z i n g  n i c k e l  f e l t  m e t a l  
samples ob ta ined  from t h e  NASA c o n t r a c t  moni tor .  D i scuss ions  h e l d  
w i t h  t e c h n i c a l  r e p r e s e n t a t i v e s  of Huyck Corpora t ion  r evea led  t h a t  t h e r e  
are two types  of f i b e r  s t r u c t u r e s ,  i .e. ,  A10 and A30. The e l e c t r o d e s  
from c e l l s  No. 105 and 110 employed A30 type  f i b e r s .  The A10 f i b e r  
s t r u c t u r e s  have a l a r g e r  su r face  a r e a  and t h u s  presumably a more active 
e l ec t rochemica l  area. It w a s  t h e r e f o r e  sugges ted  t h a t  t h e  o r i g i n a l  
sample m y  have been the  A 1 0  t y p e .  It w a s  a l s o  sugges ted  t h a t  d i f f e r -  
e n t  d e n s i t i e s  of f e l t  metal  be eva lua ted  a s  ano the r  v a r i a b l e .  ( A l l  
t h e  prev ious  work has been done w i t h  15 p e r c e n t  dense n i c k e l  f e l t  
me ta l . )  Based on t h e s e  d i s c u s s i o n s ,  o r d e r s  w i l l  be p laced  f o r  f e l t  
meta l  of d i f f e r e n t  d e n s i t i e s  and bo th  f i b e r  d e s i g n a t i o n s .  
C e l l  No, 1 1 2  was a r epea t  of c e l l  No. 109, u t i l i z i n g  t h e  
same e l e c t r o d e s  a f t e r  they had been washed w i t h  a new a s b e s t o s  ma t .  
The ce l l  w a s  cyc led  18 times. The i n i t i a l  performance w a s  cons ide r -  
a b l y  improved over  t h e  performance obta ined  du r ing  t h e  l a t t e r  c y c l e s  
i n  c e l l  No. 109, once aga in  demonstrating t h e  a b i l i t y  of r e j u v e n a t i n g  
t h e  c e l l  by washing t h e  e l e c t r o d e s  and u t i l i z i n g  a new a s b e s t o s  m a t .  
C e l l  No. 113 w a s  a r epea t  run  u s i n g  t h e  e l e c t r o d e s  from 
c e l l s  108 and 107 a f t e r  they were washed, p l u s  a new m a t .  This  c e l l  
w a s  cyc led  cont inuous ly  78 t imes.  The d a t a  and performance of t h i s  
c e l l  i s  a l s o  p re sen ted  i n  F i g .  6 .  Once aga in ,  t h e  c e l l  performance 
recovered i n i t i a l l y  i n  a new assembly and g r a d u a l l y  degraded. 
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The c u r r e n t  s e r i e s  of t e s t s  w i t h  go ld -p la t ed  e l e c t r o d e s  in -  
d i c a t e s  t ha t  n i c k e l  i n  t h e  e l e c t r o d e  s t r u c t u r e  i s  n o t  t h e  on ly  cause 
of c e l l  performance d e t e r i o r a t i o n .  A ser ies  of t e s t s  w a s  t h e r e f o r e  
i n i t i a t e d  t o  determine what a s p e c t s  of t h e  m a t  and /o r  e l e c t r o l y t e  
were causing the  deg rada t ion .  
Examination of m u l t i -  and s i n g l e - c e l l s  t e s t e d  has  c o n s i s t -  
e n t l y  shown a gray-black d i s c o l o r a t i o n  of t h e  a s b e s t o s  m a t  a d j a c e n t  
t o  t h e  hydrogen e l e c t r o d e .  Although c e l l  d e t e r i o r a t i o n  i s  no t  p r i -  
mari ly  due t o  hydrogen e l e c t r o d e  f a i l u r e ,  i t  i s  f e l t  t h a t  t h i s  d i s -  
c o l o r a t i o n  may be t h e  end product o f  some anod ic  r e a c t i o n  i n  t h e  
e l e c t r o l y t e  and/or  m a t .  I f  t h i s  i s  t h e  case ,  t h e  oxygen e l e c t r o d e  
could be expected t o  be a f f e c t e d  by t h e  concur ren t  c a t h o d i c  r e a c t i o n .  
Seve ra l  t e s t s ,  i n c l u d i n g  c e l l  No. 111, have been a b o r t e d  
during the  f i r s t  c y c l e .  It has  been noted on t h e s e  occas ions  t h a t  
t h e  gray d i s c o l o r a t i o n  occur s  p r i n c i p a l l y  as t h e  r e s u l t  of t h e  charge 
mode of o p e r a t i o n .  The re fo re ,  emphasis w a s  p l aced  on t e s t i n g  u s i n g  
c e l l s  i n  the  e l e c t r o l y s i s  mode. 
P re l imina ry  chemical ana lyses  of t h e  d i s c o l o r a t i o n  zone i n  
t h e  mat (descr ibed i n  d e t a i l  i n  Subsec t ion  3 . 2 )  show t h a t  p l a t inum i s  
a p r i n c i p a l  c o n s t i t u e n t  of t h e  d i s c o l o r e d  zone. S ince  p l a t inum i n  
t h e  m a t  near t h e  anode could no t  r e a d i l y  be conceived as t h e  cause of 
cathode d e t e r i o r a t i o n ,  o t h e r  cause and e f f e c t  systems were i n v e s t i -  
ga t ed .  In  o r d e r  t o  e l i m i n a t e  p o s s i b l e  e f f e c t s  o f  anode plat inum, 
c e l l  No. 114 was assembled w i t h  a non-gold-plated,  non-platinum- 
ca t a lyzed  n i c k e l  plaque on t h e  hydrogen s i d e .  Th i s  c e l l  w a s  s u b j e c t e d  
t o  charging a t  10 amperes f o r  approximately one hour,  a f t e r  which i t  
w a s  disassembled and examined. A s l i g h t  g ray  d i s c o l o r a t i o n  a d j a c e n t  
t o  the  anode was noted.  T h i s  t e s t  i n d i c a t e d  t h a t  p l a t inum i s  not  t h e  
only f a c t o r  i n  t h e  a s b e s t o s  d i s c o l o r a t i o n .  
The nex t  t e s t ,  c e l l  No. 115, was made t o  see i f  a s e m i -  
permeable b a r r i e r  between t h e  anode and t h e  mat would s t o p  formation 
of t h e  gray-black d e p o s i t .  The c e l l  contained s t a n d a r d  EOS type 
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I :  
e l e c t r o d e s  w i t h  a convent iona l  a s b e s t o s  m a t ,  p l u s  one l a y e r  of b a t t e r y  
s e p a r a t o r  ce l lophane  p laced  between t h e  m a t  and t h e  hydrogen e l e c t r o d e .  
The a d d i t i o n  of t h e  cellophane l a y e r  i nc reased  c e l l  r e s i s t a n c e  appre-  
c i a b l y  and t h e  c e l l  could only be  cyc led  a t  reduced c u r r e n t  l e v e l s ,  
i .e . ,  approximately 5 amperes du r ing  charge  and 10 amperes du r ing  d l s -  
charge.  The c e l l  w a s  cyc led  in  such a manner f o r  e i g h t  c y c l e s  and 
t h e n  disassembled. It was observed t h a t  t h e r e  w a s  v i r t u a l l y  no d i s -  
c o l o r a t i o n  of  t h e  ce l lophane  o r  t h e  a s b e s t o s  mat a d j a c e n t  t o  t h e  
hydrogen e l e c t r o d e ,  i n d i c a t i n g  t h a t  t h e  d i s c o l o r a t i o n  had been stopped 
by t h e  ce l lophane .  
Seve ra l  i n t e r p r e t a t i o n s  of t h i s  t es t  r e s u l t  are p o s s i b l e .  
It was obvious t h a t  t h e  cellophane provided  a b a r r i e r  f o r  t h e  migra- 
t i o n  of p a r t i c l e s  from the anode t o  t h e  m a t .  However, t h e  q u e s t i o n  
of whether such p a r t i c l e s  o r i g i n a t e  i n  t h e  e l e c t r o d e  s t r u c t u r e  o r  are 
t h e  r e a c t i o n  products  from i n t e r a c t i o n s  between t h e  e l e c t r o d e  and 
ion ized  materials i n  t h e  m a t  remained. I n  o r d e r  t o  e l i m i n a t e  one of 
t h e s e  v a r i a b l e s ,  s e v e r a l  c e l l s  w e r e  assembled w i t h  Webril  mats of 
va ry ing  t h i c k n e s s e s  i n  p l a c e  of t h e  s t anda rd  f u e l  c e l l  grade  a s b e s t o s .  
As a n t i c i p a t e d ,  c e l l s  employing j u s t  Webril mats could not  w i ths t and  
minor d i f f e r e n t i a l  p r e s s u r e s  and were, t h e r e f o r e ,  no t  s u b j e c t e d  t o  
t e s t .  
C e l l  No. 116 cons i s t ed  of two l a y e r s  of Webril w i th  one 
l a y e r  of ce l lophane  i n  t h e  cen te r  t o  enable  t h e  c e l l  t o  hold a p res -  
s u r e  d i f f e r e n t i a l .  This  c e l l  w a s  cyc led  once, a f t e r  which it  deve l -  
oped an i n t e r n a l  s h o r t ,  probably due t o  a w i r e  whisker  p r o t r u d i n g  
from t h e  edge of one of t h e  e l e c t r o d e s .  No d i s c o l o r a t i o n  w a s  noted 
on t h e  Webril  when the  c e l l  was d isassembled .  T h i s . t e s t  w i l l  be 
r epea ted  t o  confirm t h e  r e s u l t s  over a l onge r  c y c l e  p e r i o d .  I f  con- 
firmed, it w i l l  be a p o s i t i v e  i n d i c a t i o n  t h a t  t h e  gray-b lack  d e p o s i t s  
a r e  i n  p a r t  due t o  a s b e s t o s  or e l e c t r o l y t e  i m p u r i t i e s .  
C e l l  No. 117 cons i s t ed  of a gold-coa ted  p l a t i n i z e d  oxygen 
e l e c t r o d e ,  as p rev ious ly  descr ibed,  w i t h  t h e  excep t ion  t h a t  a f t e r  
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t h e  gold coa t ing  (and p r i o r  t o  t h e  p l a t i n i z a t i o n )  t h e  e l e c t r o d e  w a s  
f i r e d  i n  a hydrogen f u r n a c e  f o r  one hour a t  150O0F. 
added t o  the e l e c t r o d e  p r e p a r a t i o n  procedure i n  an  a t t empt  t o  improve 
t h e  adherence of t h e  gold c o a t i n g  t o  t h e  n i c k e l  s u b s t r a t e .  The f i r i n g  
had t h e  e f f e c t  of e s s e n t i a l l y  d i f f u s i n g  and a l l o y i n g  t h e  gold l a y e r  
i n t o  t h e  upper s u r f a c e s  o f  t h e  n i c k e l  plaque.  A f t e r  removal from t h e  
furnace,  the plaque s u r f a c e  had changed from a d u l l  gold c o l o r  t o  a 
gray n i c k e l  c o l o r  w i th  a s l i g h t  yel low t i n g e .  
employed i n  t h e  c e l l  w a s  a s t anda rd  EOS t ype  20 mg p la t inum p e r  c m  
e l e c t r o d e .  The c e l l  was pu t  on a s t a n d a r d  c y c l e  and s u b j e c t e d  t o  121 
cont inuous c y c l e s .  It showed good i n i t i a l  performance w i t h  a g radua l  
deg rada t ion  s i m i l a r  t o  t h a t  ob ta ined  i n  p rev ious  t e s t s  w i t h  c e l l s  
employing gold-coated p l a t i n i z e d  porous n i c k e l  e l e c t r o d e s  (as, f o r  
example, c e l l  No. 103) .  
T h i s  f i r i n g  was 
The hydrogen e l e c t r o d e  
2 
Ce l l  No. 118 c o n s i s t e d  of an oxygen e l e c t r o d e  processed 
s i m i l a r l y  t o  c e l l  No. 117 w i t h  t h e  e x c e p t i o n  t h a t  t h e  porous sub- 
s t r a t e  w a s  n i c k e l  f e l t  metal .  Th i s  c e l l  w a s  cycled s i x  t i m e s  and 
showed r e l a t i v e l y  poor performance. The t e s t  was, t h e r e f o r e ,  d i s -  
cont inued.  Poor performance of t h i s  f e l t  me ta l  s u b s t r a t e  type e l e c -  
t r o d e  was s i m i l a r  t o  t h a t  ob ta ined  w i t h  c e l l s  105 and 110. 
C e l l s  No. 119 and 120 c o n s i s t e d  of American Cyanamid hydro- 
2 
gen and oxygen e l e c t r o d e s  c o n t a i n i n g  9 mg of p l a t inum p e r  cm on a 
n i c k e l  screen t h a t  had been gold p l a t e d  w i t h  a minimum of 100 micro- 
inches o f  gold t o  i n s u r e  a p i n h o l e - f r e e  s u r f a c e .  By t h e  use  of t h e s e  
type e l e c t r o d e s ,  i t  w a s  hoped t o  e l i m i n a t e  t h e  d e t e r i o r a t i o n s  caused 
by t h e  gradual  o x i d a t i o n  of t h e  n i c k e l  s u b s t r a t e s ,  observed i n  some 
of t h e  e a r l i e r  work. By t h e  e l i m i n a t i o n  of t h i s  v a r i a b l e ,  i t  should 
be p o s s i b l e  t o  o b t a i n  a b e t t e r  unde r s t and ing  of t h e  causes  of o t h e r  
modes of degradat ion.  
Ce l l  No. 119 w a s  cycled 61  t i m e s ,  t hen  disassembled.  The 
oxygen e l e c t r o d e  w a s  removed, washed, and reassembled wi th  t h e  same 
a s b e s t o s  mat and hydrogen e l e c t r o d e  and des igna ted  c e l l  No. 122. T h i s  




















c e l l  w a s  then cycled f o u r  times and d isassembled .  The hydrogen e l e c -  
t r o d e  w a s  washed, reassembled wi th  t h e  same oxygen and a s b e s t o s  ma t ,  
and cycled two a d d i t i o n a l  t imes.  The same procedure was followed i n  
c e l l s  No. 121 and 124. 
R e s u l t s  of t h e  t e s t i n g  w i t h  c e l l s  113, 122, 121, and 124 
are shown i n  F i g s .  7 and 8. As can  be seen,  t h e  i n i t i a l  c e l l  perform- 
ance w a s  good and w i t h  c y c l i n g  t h e r e  w a s  a gradua l  degradation of per- 
formance. Washing t h e  oxygen e l e c t r o d e  and r e b u i l d i n g  the  c e l l  had 
on ly  a s l i g h t  e f f e c t  on improving t h e  performance, and washing of t h e  
hydrogen e l e c t r o d e  had no b e n e f i c i a l  e f f e c t .  These r e s u l t s  a r e  incon- 
s i s t e n t  w i th  t h e  r e s u l t s  obtained from c e l l s  No. 104 and 106 i n  which 
bo th  e l e c t r o d e s  w e r e  washed and reassembled w i t h  t h e  o ld  a s b e s t o s  m a t .  
However, t h e s e  types  of t e s t s  a r e  d i f f i c u l t  t o  conduct s i n c e  i n  t h e  
disassembly of t h e  ce l l ,  it i s  p o s s i b l e  t h a t  water i s  l o s t  from t h e  
a s b e s t o s  m a t  and ca rbona te s  form i n  t h e  m a t  due t o  CO pickup from t h e  
a i r ,  The e l e c t r o d e s  taken from t h e s e  ce l l s  w i l l  be washed and t e s t e d  
a g a i n  w i t h  f r e s h  a s b e s t o s  mats t o  o b t a i n  f u r t h e r  information.  
2 
3.2 Asbestos S t u d i e s  
Asbestos samples taken from t h e  m u l t i c e l l  u n i t  s e r i a l  num- 
b e r  1003-34 ( t h e  tes t  r e s u l t s  of which were r e p o r t e d  i n  the  f i f t h  
q u a r t e r l y  r e p o r t )  were submitted t o  an o u t s i d e  t e s t i n g  l a b o r a t o r y  f o r  
a s e m i - q u a n t i t a t i v e  spec t rog raph ic  a n a l y s i s .  Two samples of used mats 
were prepared  by mixing t h e  a s b e s t o s  i n  a b l ende r  t o  o b t a i n  a homoge- 
nous mixture .  A t h i r d  sample was prepared  u t i l i z i n g  a f r e s h  a s b e s t o s  
m a t  by homogenizing i t  wi th  d i s t i l l e d  w a t e r .  
y s i s  are p resen ted  i n  Table 11. The major d i f f e r e n c e  between t h e s e  
and previous  t e s t  r e s u l t s  w a s  the l a r g e  percentage  of ca lc ium found i n  
t h e  a s b e s t o s  mats. P r i o r  spec t rog raph ic  a n a l y s e s  showed calcium con- 
c e n t r a t i o n s  i n  t h e  t e n t h s  of a pe rcen t  range.  However, t h e  a s b e s t o s  
material  used i n  t h e s e  tests r e p r e s e n t s  a new l o t  of m a t e r i a l  r e c e n t l y  
r ece ived  from Johns-Manville. P o s s i b l y  t h e r e  i s  t h i s  v a r i a t i o n  i n  t h e  
r a w  material. Two samples of  dry a s b e s t o s ,  one from t h e  previous  
The r e s u l t s  of t h e  a n a l -  
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shipment and one from t h e  new l o t ,  were then  submit ted t o  an a n a l y t i -  
c a l  t e s t i n g  l abora to ry  t o  confirm t h i s  p o i n t .  The t es t  r e s u l t s  show 
2.9 percent  calcium f o r  t h e  old l o t  and 3.3 percent  cqlcium f o r  t h e  
new l o t .  This  i s  i n c o n s i s t e n t  w i t h  a l l  p r i o r  spec t rog raph ic  a n a l y s i s .  
Thus f a r ,  w e  have submit ted asbes tos  samples t o  t h r e e  d i f f e r e n t  l abora -  
t o r i e s  f o r  spec t rog raph ic  a n a l y s i s  and have rece ived  a wide range of 
.-,. LsSUltS t h e  mjer  c m s t i t u e n t s .  Therefere,  it ?!Illst he ceD.cluded 
t h a t  t h e  spec t rog raph ic  a n a l y s i s  techniques  a r e  incapable  of i n d i c a t i n g  
major c o n s t i t u e n t  q u a n t i t i e s  of a s b e s t o s  w i t h  any reasonable  degree of 
accuracy.  
Since t h e  plat inum observed i s  d i s t r i b u t e d  i n  t h e  i n t e r i o r  
2 of t h e  m a t  as w e l l  a s  ad jacen t  t o  t h e  H e l e c t r o d e ,  s imple mechanical 
a b r a s i o n  i s  not  t h e  cause f o r  i ts  i n c l u s i o n  i n  t h e  m a t .  This  conclu- 
s i o n  i s  v e r i f i e d  by t h e  obse rva t ion  t h a t  on ly  minimal p la t inum i n c l u -  
s i o n ,  due t o  a b r a s i o n  o r  o t h e r  mechanical modes, occurs  ad jacen t  t o  t h e  
0 e l e c t r o d e .  The mode of p la t inum migra t ion  i s  obviously,  t h e r e f o r e ,  
e lectrochemica1,but  t h e  mechanism remains a mystery.  
2 
Another approach t o  e l i m i n a t i n g  p o s s i b l e  a sbes tos  contami- 
nan t s  w a s  undertaken during the l as t  weeks of t h i s  r e p o r t i n g  per iod .  
This  cons i s t ed  of a c i d  washing t h e  a s b e s t o s  mats t o  remove chemical ly  
r e a c t i v e  s p e c i e s .  Washing w 2 s  accomplished by a g i t a t i n g  the  a s b e s t o s  
i n  g l a s s  beakers  conta in ing  20-percent  HC1. During t h e  process ,  t h e  
a sbes tos  i s  completely shredded, l o s i n g  a l l  semblance of a f l a t  s h e e t  
s t r u c t u r e .  
t o s  i s  vacuum f i l t e r e d  us ing  a l a r g e  d iameter  Buchner funne l .  It i s  
then  r epea ted ly  washed ( i n  t h e  funnel  under vacuum) wi th  d i s t i l l e d  
water  u n t i l  t h e  f i l t r a t e  pH EZ 7.0. 
A f t e r  r e a c t i n g  f o r  a per iod  of 2 hours ,  t h e  'fnushy" asbes-  
A f t e r  wet process ing ,  t h e  m a t s  a r e  d r i e d  and c u t  t o  6- inch  
d iameters .  S u r p r i s i n g l y ,  t h e  r e s u l t a n t  mats a r e  mechanical ly  coherent .  
T e s t s  us ing  t h e s e  ma t r i ces  w i l l  be  conducted e a r l y  i n  t h e  nex t  r e p o r t -  
i ng  pe r iod .  
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3.3 Contaminant S t u d i e s  
(3) Researchers a t  t he  B a t t e l l e  Memorial I n s t i t u t e  have r e p o r t e d  
t h a t  c a u s t i c  e l e c t r o l y t e s ,  when s u b j e c t e d  t o  e l e c t r o l y s i s ,  y i e l d  s o l i d  
e l e c t r o d e p o s i t e d  p roduc t s  on t h e  e l e c t r o d e s .  These p roduc t s  are  be- 
l i e v e d  t o  be due t o  contaminants i n  t h e  KOH. I n  o r d e r  t o  v e r i f y  t h i s  
t e s t  r e s u l t ,  s e v e r a l  p re l imina ry  t e s t s  w e r e  run  u s i n g  our s t a n d a r d  
40-percent  KOH e l e c t r o l y t e .  I n i t i a l  s c r e e n i n g  w a s  done i n  Pyrex 
beakers  with plat inum f o i l  e l e c t r o d e s .  S h o r t l y  a f t e r  i n i t i a t i n g  e l e c -  
t r o l y s i s  (a t  80 C ) ,  a b l ack  d e p o s i t  w a s  noted on t h e  H e l e c t r o d e .  On 
one t e s t  run, a f t e r  a pe r iod  of approximately 2 hour s ,  a y e l l o w i s h  




Wet a n a l y s i s  of t h e  new l o t  o f  a s b e s t o s  h a s  been undertaken 
u t i l i z i n g  an a n a l y t i c a l  procedure s u p p l i e d  by Johns-Manville.  R e s u l t s  
ob ta ined  t o  d a t e  a r e  as fo l lows :  weight  l o s s  upon i g n i t i o n  a t  1800 F ,  
- 17.39 p e r c e n t ;  weight  p e r c e n t  s i l i c o n ,  18.25 p e r c e n t ;  M 0 2.4 p e r -  
c e n t ;  C a ,  2.45 p e r c e n t ;  and Mg, 22.3 p e r c e n t .  
0 
x Y Y  
American Cyanamid i n v e s t i g a t o r s  have i n d i c a t e d  t h a t  a s b e s t o s  
w i l l  d i s s o l v e  i n  KOH a t  e l e v a t e d  t empera tu res .  A t e s t  of f u e l  c e l l  
grade a s b e s t o s  i n  excess concen t r a t ed  potassium hydroxide a t  e l e v a t e d  
temperatures  w a s  made t o  v e r i f y  t h i s  p o i n t .  A sample of a s b e s t o s  was 
enclosed i n  a n i c k e l  s c r e e n  and hung i n  a metal  beaker  c o n t a i n i n g  70 
p e r c e n t  KOH hea ted  a t  20OoC. 
the  b o i l i n g  p o i n t  i s  s l i g h t l y  above 20OOC.) 
t h e  n i c k e l  s c reen  was removed. The a s b e s t o s  had e n t i r e l y  d i sappea red .  
Th i s  r e s u l t  confirms t h e  p r e v i o u s l y  r e p o r t e d  r e s u l t s  by American 
Cyanamid. (2) 
i d e  revealed some l o s s  i n  t h e  a s b e s t o s ,  b u t  w e  were unable  t o  determine 
t h e  e x a c t  l o s s ,  due t o  shedding of t h e  remaining mater ia l  du r ing  wash- 
i n g  a f t e r  the t e s t .  
(For a 70-percent c o n c e n t r a t i o n  of KOH, 
A f t e r  a p e r i o d  of 4 hours ,  
0 A s imi l a r  t e s t  a t  150 C and 60-percent  potassium hydrox- 
These t e s t s  were conducted w i t h  a cons ide rab le  excess  of 
e l e c t r o l y t e .  I n  a f u e l  c e l l ,  such a d i s s o l u t i o n  p rocess  i s  not neces-  
s a r i l y  s i g n i f i c a n t  because of t he  minimal q u a n t i t y  of  e l e c t r o l y t e  used. 
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Wet a n a l y t i c a l  t e s t s  were conducted on samples of a s b e s t o s  
removed from c e l l s  t h a t  had been cyc led  t o  de te rmine  t h e  n a t u r e  of t h e  
gray-black d i s c o l o r a t i o n  i n  the a s b e s t o s  m a t .  These samples were ana- 
lyzed f o r  p la t inum by d i s s o l v i n g  t h e  d i s c o l o r e d  a s b e s t o s  i n  aqua regia, 
b o i l i n g  o f f  t h e  n i t r i c  a c i d  and e l e c t r o d e p o s i t i n g  t h e  p la t inum from t h e  
r e s u l t i n g  c h l o r o p l a t i n i c  a c i d  s o l u t i o n  on a p l a t inum f o i l  cathode t o  
deterzine weight ga in .  Nonncb!e mzterials deposited ( i f  z ~ y )  were 
removed by concen t r a t ed  HC1 immersion. I n  t h i s  manner, a one-square- 
inch sample of t h e  a s b e s t o s  m a t  used i n  c e l l  113 was ana lyzed  and 
found t o  c o n t a i n  15.8 mill igrams of platinum. T h i s  p la t inum r e p r e s e n t s  
material t h a t  had adhered t o  the s u r f a c e  du r ing  disassembly and/or mate- 
r i a l  t h a t  had migra ted  i n t o  the m a t .  
2 Addi t iona l  tests w i t h  new s o l u t i o n s  v e r i f i e d  t h e  b l ack  H 
e l e c t r o d e  d e p o s i t s ,  b u t  t h e  ye l lowish  d e p o s i t  w a s  not  r epea ted .  Since 
i t  is  w e l l  known t h a t  h o t  KOH a t t a c k s  Pyrex, several a d d i t i o n a l  t e s t s  
were made i n  polypropylene c o n t a i n e r s .  The b l a c k  H e l e c t r o d e  d e p o s i t s  
w e r e  a g a i n  found b u t  no th ing  noted on t h e  0 e l e c t r o d e s .  
2 
2 
The chemical composition of  t h e  b l ack  d e p o s i t s  has  no t  as 
y e t  been determined. However, they are s o l u b l e  i n  HC1.  F u r t h e r  tes ts  
w i l l  be c a r r i e d  ou t  t o  ana lyze  t h e s e  d e p o s i t s  and t o  de te rmine  i f  they 
are due t o  t h e  KOH o r  d i s t i l l e d  water  used i n  p r e p a r i n g  t h e  40-percent 
e l e c t r o l y t e .  
An a d d i t i o n a l  spec t rog raph ic  a n a l y s i s  w a s  made on r e a c t i o n  
products  sc raped  from c e r t a i n  b i p o l a r  p l a t e s  i n  c e l l  assembly 1003-34. 
I n  appearance,  t h i s  material was b l ack  and gummy, c o n t a i n i n g  a q u a n t i t y  
of mois ture .  The a n a l y s i s  showed it t o  be p r i n c i p a l l y  n i c k e l ,  w i t h  a 
q u a n t i t y  of po tass ium (from KOH e l e c t r o l y t e )  and a s m a l l  percentage  of 
p la t inum (from t h e  e l e c t r o d e s ) .  Here a g a i n  i s  a demonst ra t ion  of t h e  
convers ion  of n i c k e l  (from t h e  0 e l e c t r o d e  and b i p o l a r  p l a t e )  t o  t h e  
hydroxide as a f u n c t i o n  of cyc l ing .  
2 
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3.4 Ins t rumen ta t ion  
De ta i l ed  w i r i n g  diagrams and equipment procurements have 
been prepared t o  expand our  t e s t i n g  c a p a b i l i t i e s .  An instrumented 
s e t u p  i s  being prepared having t h e  c a p a b i l i t y  of t e s t i n g  f i v e  s i n g l e  
c e l l s ,  two 6 - c e l l  u n i t s ,  and one 3 4 - c e l l  u n i t  s imu l t aneous ly .  The 
h e a r t  of the t e s t i n g  complex W i l l  c o n s i s t  of a d a t a  a c q u i s i t i o n  system 
t h a t  employs a d i g i t a l  v o l t m e t e r ,  a s canne r  ( t o  a u t o m a t i c a l l y  s w i t c h  
t h e  DVM t o  one of 100 channe l s ) ,  and a p r i n t e r  f o r  r eadou t  of t h e  chan- 
n e l  be ing  monitored. With t h i s  system, it w i l l  be p o s s i b l e  t o  r e c o r d  
cont inuously i n d i v i d u a l  c e l l  v o l t a g e s ,  c u r r e n t ,  d i f f e r e n t i a l  p r e s s u r e s ,  
t o t a l  p re s su re ,  and t empera tu res  f o r  long term c y c l i n g  t e s t s .  A l l  t h e  
components f o r  t h e  system have been r e c e i v e d  and t h e  w i r i n g  f o r  t h e  
t e s t i n g  of t h e  f i v e  s i n g l e  c e l l s  i s  n e a r i n g  complet ion.  F igu re  9 
shows a p i c t u r e  of t h e  t e s t  console .  F igu re  10 shows t h e  tes t  con- 
s o l e  w i t h  the f i v e  s i n g l e  c e l l  oven t e s t  s t a t i o n s .  F igu re  11 shows a 
s i n g l e  c e l l  t e s t  housing w i t h  t h e  plumbing, w i r i n g ,  d i f f e r e n t i a l ,  and 
t o t a l  p re s su re  t r a n s d u c e r s  i n  one of t he  environmental  ovens. 
1 
I 
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FIG. 9 FUEL CELL TEST CONSOLE 
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4 .  CONCLUSIONS 
Tes t ing  of s i n g l e  c e l l s  has  r evea led  t h a t  a n o t h e r  mode of d e t e r -  
i o r a t i o n  e x i s t s ,  i n  a d d i t i o n  t o  t h e  g radua l  o x i d a t i o n  of t h e  n i c k e l  
s u b s t r a t e  on t h e  oxygen e l e c t r o d e  as p r e v i o u s l y  determined.  Th i s  
mode of d e t e r i o r a t i o n  i s  probably due t o  i m p u r i t i e s  and contaminants  
t h a t  are contained w i t h i n  t h e  a s b e s t o s  m a t  and/or  e l e c t r o l y t e .  
coa t ing  of t h e  porous n i c k e l  s u b s t r a t e  by gold appears  t o  improve t h e  
performance (a t  reduced c a t a l y s t  loading)  and reduces  t h e  r a t e  of ox i -  
d a t i o n  and degrada t ion  of  t h e  oxygen e l e c t r o d e .  
The 
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5. PLANS FOR THE NEXT PERIOD 
Single cell tests will be continued to evaluate the following 
oxygen electrodes: 
1. American Cyanamid electrodes. 
2 .  Porous nickel plaques that have been gold coated prior to 
platinization. 
3 .  Felt metal nickel plaques that have been gold coated prior 
to platinization. 
Nonsintered Teflon platinum black electrodes. 4. 
Acid washing and pretreating of the asbestos to eliminate con- 
taminants and impurities will be investigated and promising materials 
will be subjected to tests in single cells. Additional studies will 
be conducted on the asbestos to evaluate chemical and/or electro- 
chemical reactions that occur within cells. Impurities and contami- 
nants in the electrolyte will be further investigated and the use of 
pre-electrolyzed electrolyte will be employed in single cell tests. 
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6 .  FINANCIAL STATEMENT 
Manhours and d o l l a r  expend i tu re  f o r  t h e  pe r iod  from 3 December 
1965 through 31 December 1965 were a s  fo l lows :  
D i rec t  Labor Hours 637 
Di rec t  Labor D o l l a r s  $ 2,902.57 
Purchases  and Commitments $ 2,424.58 
T o t a l  D o l l a r  Expendi ture  $11,127.35 
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